Introduction {#S0001}
============

Knee osteoarthritis (KOA) is a common bone and joint disease, which can cause severe joint dysfunction and disrupt quality of life. KOA has traditionally been considered to be related to the aging of articular cartilage and mechanical wear.[@CIT0001],[@CIT0002] However, with more in-depth research, several risk factors for KOA have been identified, including age, sex, body weight, articular injuries, metabolic disorders, genetic predispositions, and inflammation.[@CIT0003],[@CIT0004] In recent years, the impact of obesity on KOA has become a research hotspot, and obesity-induced arthritis has been suggested to be mainly caused by long-term excessive mechanical load and wear. Other studies demonstrated that metabolic disorders and chronic low-grade systemic inflammation could cause joint tissue damage, which might initiate and accelerate the process of KOA development.[@CIT0005] Moreover, metabolic syndrome (MetS)-associated osteoarthritis (OA) has been proposed as a characteristic phenotype of OA.[@CIT0006]

MetS represents a group of clinical manifestations consisting of abdominal obesity along with abnormal blood glucose and lipid metabolism.[@CIT0007] These characteristics indicate a severe energy metabolism disorder, which is related to the development of many diseases[@CIT0008] such as cardiovascular disease, type 2 diabetes, fatty liver, and obesity-related cancers.[@CIT0009] There is also accumulating evidence for an important role of MetS in the onset and progression of KOA, leading to the concept of systemic regulation of the joint tissues.[@CIT0010] Abnormal expression of various adipokines in patients with MetS, such as increased expression levels of leptin, visfatin, and resistin along with decreased expression levels of adiponectin,[@CIT0011] may have pro-inflammatory and pro-degradation effects on the joint tissue.[@CIT0012] Therefore, these adipokines may serve as a bridge linking the mechanisms of MetS and KOA. With the exception of adiponectin, the circulating levels of other adipokines such as leptin and resistin were found to be increased in patients with OA, even after adjusting the model for body mass index (BMI).[@CIT0012] Clinical studies have also shown that the expression level of visfatin in the serum and synovial fluid (SF) is increased in OA.[@CIT0013] We previously reported that patients with OA and MetS (MetS-OA) had higher leptin expression and lower adiponectin expression levels than those without MetS (nMetS-OA).[@CIT0014]

In the past few years, MetS has been increasingly regarded as representing a low inflammatory state, accompanied by an increase in systemic inflammation activity.[@CIT0015] A variety of immune cells, including macrophages, T cells, B cells, and neutrophils, have been associated with MetS-related inflammation. The adipose tissue can secrete inflammatory mediators, including cytokines \[such as interleukin (IL)-1, IL-6, IL-8, and tumor necrosis factor (TNF)-α\] and adipokines (such as leptin, adiponectin, resistin, and visfatin). In addition, the adipose tissue can also promote the shift of macrophages from alternatively activated macrophages (M2) in lean individuals to classically activated macrophages (M1) in the presence of obesity. This conversion results in decreased expression of anti-inflammatory factors secreted by M2, such as IL-10, insulin-like growth factor (IGF-1), and transforming growth factor (TGF)-β, along with increased expression of pro-inflammatory factors secreted by M1, such as IL-1, IL-6, and TNF-α. Collectively, these factors will maintain the body in a long-term low inflammation state. In turn, abnormalities of these immune cells, adipokines, and inflammatory factors can cause synovitis, cartilage metabolism disorders, subchondral bone changes, and joint pain, which might initiate or accelerate the process of KOA development.[@CIT0016] Increased levels of C-reactive protein (CRP) and the erythrocyte sedimentation rate (ESR) in plasma are considered markers of low-grade systemic inflammation and have been related to both MetS and progressive KOA.[@CIT0002],[@CIT0017] Previous studies have shown that the level of CRP was higher in patients with OA than in those without, and was related to the degree of pain and radiographic progression of OA.[@CIT0018]--[@CIT0020] Šalamon et al demonstrated that the prevalence of MetS in patients with OA was 1.6-times higher than that in patients with rheumatoid arthritis, and patients with MetS-OA had higher expression levels of CRP and ESR than those of the nMetS-OA group.[@CIT0021]

Bello-Chavolla and colleagues proposed the metabolic score for insulin resistance (METS-IR) in 2018,[@CIT0022],[@CIT0023] which was established based on certain metabolic indicators in MetS. METS-IR is highly correlated with body fat content,[@CIT0022] and can be used to quantify the degree of metabolic abnormalities in a subject while evaluating insulin resistance (IR). However, to our knowledge, the correlations between METS-IR and adipokines, CRP, and ESR have not yet been explored, especially in KOA patients. Therefore, the current study was designed to investigate these associations. If the disorder of adipokine and activity of inflammation could be evaluated by METS-IR, future studies concerning metabolic-associated KOA would be facilitated.

Patients and Methods {#S0002}
====================

Subjects {#S0002-S2001}
--------

National baseline survey data were obtained from the 2011 China Health and Retirement Longitudinal Study (CHARLS), which is a biennial and nationally representative longitudinal survey conducted by the China Center for Economic Research at Peking University.[@CIT0024] We included data of 4686 women from the CHARLS 2011 national survey for this analysis. For collection of clinical data and specimens of KOA, we selected 108 female patients who underwent arthroplasty at the Department of Orthopedic Surgery and Sports Medicine of the First Hospital of Jilin University from May 2015 to January 2018. The inclusion criteria were as follows: (i) diagnosis of KOA complies with the OA diagnostic criteria of the American College of Rheumatology; (ii) not used any drugs or received drug tests in the past month; (iii) denied any knee trauma and history of surgery; (iv) female patients. The exclusion criteria were as follows: (i) did not voluntarily sign the informed consent form; (ii) secondary OA; (iii) received intra-articular injection treatment in the past 6 months; (iv) previous history of knee trauma or knee arthrosis infection; and (v) patients with autoimmune disease or disease affecting other parts of the body, such as asthma, systemic lupus erythematosus, rheumatoid arthritis, and tumors. The diagnosis of MetS was based on the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) standard for Asians.[@CIT0025] OA patients with MetS and OA patients without MetS were classified in the MetS-OA group and nMetS-OA group, respectively.

Clinical Measurements {#S0002-S2002}
---------------------

Data on the patients' medical history and previous medications were collected. The same doctor performed anthropometric measurements on all patients, including height, weight, waist circumference (WC), and blood pressure (BP), and calculated the body mass index \[BMI; weight (kg)/height (m^2^)\]. Laboratory test results analyzed included ESR, CRP, fasting blood glucose (FBG), total cholesterol, triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C). The levels of CRP and ESR were determined by scatter turbidimetry using a Siemens special protein analyzer (Siemens Healthcare Diagnostics Products, GmbH, Munich, Germany). FBG and serum lipids were analyzed using a Synchron LX120 autoanalyzer (Beckman-Coulter, Brea, CA, USA). METS-IR was calculated according to the method proposed by Bello-Chavolla and colleagues[@CIT0022],[@CIT0023] using the following formula: METS-IR = (ln \[(2 × FPG) + TG\] × BMI)/(ln\[HDLc\]).

Adipokine Assays {#S0002-S2003}
----------------

Blood samples were taken from patients after a fast of at least 8 h before surgery. During the operation, the SF was carefully extracted with a syringe before cutting the joint capsule to avoid mixing blood and fat. The blood and SF samples were transferred to the laboratory for processing within 10 min. The samples were centrifuged at 4°C, 10,000 rpm/min for 5 min. The specimens were aliquoted, coded, and stored at --80°C until testing. Commercial enzyme-linked immunosorbent assay (ELISA) kits were used to determine the adipokine concentration according to the manufacturer instructions (leptin and adiponectin ELISA kits from R&D Systems, Abingdon, UK; resistin ELISA kit from CUSABIO, Wuhan, China).

Statistical Analysis {#S0002-S2004}
--------------------

Receiver operating characteristic (ROC) curve analysis was used to analyze the diagnostic efficacy of METS-IR for MetS. The independent samples *t*-test or Mann--Whitney *U*-test was used to compare the clinical data, METS-IR, and laboratory parameters of the MetS-OA and nMetS-OA groups. The chi-square test was used to evaluate differences in categorical variables between groups. One-sample t-tests were used to compare the sample means and population means. The distribution of continuous variables was assessed with the Kolmogorov--Smirnov test. Binary logistic regression was used to assess the correlations while adjusting for confounders such as age and BMI. *P* \< 0.05 was considered to indicate a statistically significant difference. All statistical analyses were performed using SPSS 25 (IBM Corp., Armonk, NY, USA).

Results {#S0003}
=======

METS-IR and MetS in Chinese Women {#S0003-S2001}
---------------------------------

The average age of the 4686 Chinese women from the CHARLS 2011 national survey was 59.43 years (SD = 9.82, range: 40--97 years), 2224 (47.46%) of whom were classified in the MetS group and 2462 (25.26%) classified in the nMetS group. The anthropometric and laboratory data for all included women are summarized in [Table 1](#T0001){ref-type="table"}. Significant differences in the majority of indicators were found between the MetS and nMetS groups, with the exception of height (P = 0.994). The age, weight, BMI, WC, BP, FBG, TG, and METS-IR levels of the MetS group were higher than those of the nMetS group, whereas the HDL-C level was lower in the MetS group than that of the nMetS group. ROC curve analysis to test the diagnostic efficacy of METS-IR on MetS in Chinese women showed a cut-off value of 35.38 (area under the curve = 0.851), with sensitivity of 0.777 and specificity of 0.772 ([Figure 1](#F0001){ref-type="fig"}).Table 1Clinical and Laboratory Characteristics of Participants in the CHARLS 2011 National SurveyVariablesTotalMetSnMetS*P* valueN (%)46862224 (47.46%)2462 (52.54%)--Age (years)59.43 ± 9.8260.67 ± 9.5958.32 ± 9.89\<0.001Height (m)1.53 ± 0.191.53 ± 0.061.53 ± 0.250.944Weight (kg)56.23 ± 11.1760.22 ± 10.6852.62 ± 10.34\<0.001BMI (kg/m^2^)23.98±4.1625.57 ± 3.8222.55 ± 3.92\<0.001WC (cm)84.62 ± 12.5790.03 ± 10.7279.73 ± 12.12\<0.001BPSP (mmHg)130.07 ± 21.99138.65 ± 21.76122.31 ± 19.15\<0.001DP (mmHg)75.10 ± 11.6979.23 ± 11.6471.37 ± 10.40\<0.001FBG (mg/dl)109.68 ± 35.47120.04 ± 43.75100.32 ± 21.95\<0.001TG (mg/dl)135.13 ± 98.85179.82 ± 123.4594.75 ± 37.39\<0.001HDL-C (mg/dl)51.79 ± 14.3844.18 ± 11.6558.65 ± 13.10\<0.001METS-IR36.20 ± 8.5041.12 ± 7.9231.76 ± 6.27\<0.001[^1][^2] Figure 1ROC curve analysis of METS-IR and MetS for Chinese women in the CHARLS 2011 national survey.

METS-IR in Female KOA {#S0003-S2002}
---------------------

This study included 108 female patients who underwent arthroplasty for KOA at the Department of Orthopedic Surgery and Sports Medicine of the First Hospital of Jilin University from May 2015 to January 2018. The average age of the patients was 64.65 years (SD = 8.319, range: 42--83 years), 57 (52.78%) of whom were classified in the MetS group. There were no significant differences in age (*P* = 0.426), height (*P* = 0.206), and SF resistin level (*P* = 0.318) between the MetS-OA and nMetS-OA groups, whereas the METS-IR of the MetS-OA group was higher than that of the nMetS-OA group (*P* \< 0.001; [Table 2](#T0002){ref-type="table"}, [Figure 2A](#F0002){ref-type="fig"}). To exclude the influence of BMI, we divided the MetS-OA and nMetS-OA groups into three subgroups according to BMI: \<25 kg/m^2^, 25--30 kg/m^2^, and \>30 kg/m^2^. The differences in METS-IR between the MetS-OA and nMetS-OA groups were still statistically significant for comparisons within each BMI level ([Table 3](#T0003){ref-type="table"}, [Figure 2B](#F0002){ref-type="fig"}--D). The one-sample *t*-test showed that patients with KOA had significantly higher METS-IR (40.29 ± 6.98 vs 36.20 ± 8.50, *P* \< 0.001). Comparing patients with MetS and nMetS separately, the METS-IR was higher in patients with KOA in each group; this difference remained statistically significant after adjusting for age ([Table 4](#T0004){ref-type="table"}).Table 2Clinical and Laboratory Characteristics of Patients with KOA in the Present StudyVariablesTotalMetS vs nMetSMetS-OAnMetS-OA*P* valueN, (%)10857 (52.78%)51 (47.22%)--Age (years)64.65 ± 8.3264.11 ± 7.7965.25 ± 8.920.476Height (m)1.61 ± 0.071.61 ± 0.061.60 ± 0.070.206Weight (kg)68.57 ± 10.1272.79 ± 9.5263.86 ± 8.66\<0.001BMI (kg/m^2^)26.52 ± 3.3027.86 ± 2.9925.02 ± 2.98\<0.001WC (cm)90.51 ±10.8396.07 ± 9.2584.30 ± 8.98\<0.001Hypertension, n (%)60 (55.56%)42 (73.68%)18 (35.29%)\<0.001FBG (mg/dl)98.47 ± 23.48105.31 ± 15.9990.82 ± 27.94\<0.001TG (mg/dl)197.90 ± 130.21262.26 ± 146.64125.96 ± 46.91\<0.001HDL-C (mg/dl)51.76 ± 10.5747.59 ± 11.0456.43 ± 7.77\<0.001CRP (mg/mL)5.03 ± 2.765.99 ± 3.013.95 ± 1.97\<0.001ESR (mm/h)17.57 ± 15.3221.00 ± 16.1613.73 ± 13.460.013Plasma leptin (ng/mL)16.09 ± 9.9020.49 ± 10.2311.17 ± 6.75\<0.001SF leptin (ng/mL)11.73 ± 8.1015.29 ± 8.727.76 ± 4.97\<0.001Plasma adiponectin (ng/mL)8.61 ± 2.009.99 ± 0.616.65 ± 1.61\<0.001SF adiponectin (ng/mL)2.11 ± 1.802.71 ± 1.891.24 ± 1.22\<0.001Plasma resistin (ng/mL)7.67 ± 4.619.63 ± 4.654.07 ± 0.75\<0.001SF resistin (ng/mL)2.96 ± 1.723.08 ± 1.892.73 ± 1.350.318METS-IR40.29 ± 6.9844.57 ± 5.6835.49 ± 4.87\<0.001[^3][^4] Table 3Comparative Analysis of METS-IR in the MetS-OA and nMetS-OA Groups After Adjusting for BMISubgroupN (MetS)MetS %MetS vs nMetSMetS-OAnMetS-OA*P* valueBMI (\<25 kg/m^2^)38 (7)18.4237.39 ± 6.3833.05 ± 3.290.013BMI (25--30 kg/m^2^)50 (36)7243.58 ± 3.8537.93 ± 4.68\<0.001BMI (\>30 kg/m^2^)20 (14)7050.74 ± 2.9442.42 ± 2.05\<0.001[^5][^6] Table 4Comparison of METS-IR in Patients with KOA with That of Participants in the CHARLS 2011 National SurveyCategoryKOAThe CHARLS 2011*P* valueTotaln1084686Age (years)64.65 ± 8.3259.43 ± 9.82\<0.001METS-IR40.29 ± 6.9836.20 ± 8.50\<0.001nMetSn512462Age (years)65.25 ± 8.9258.32 ± 9.89\<0.001METS-IR35.49 ± 4.8731.76 ± 6.27\<0.001MetSn572224Age (years)64.11 ± 7.7960.67 ± 9.59\<0.001METS-IR44.58 ± 5.6841.12 ± 7.92\<0.001Age (45--64 years)nMetSn221405METS-IR36.94 ± 5.5030.18 ± 3.85\<0.001MetSn31790METS-IR45.03 ± 6.4840.22 ± 8.82\<0.001Age (65--84 years)nMetSn28492METS-IR34.30 ± 4.0128.29 ± 3.95\<0.001MetSn26453METS-IR44.03 ± 4.6136.87 ± 8.08\<0.001[^7][^8] Figure 2METS-IR comparative analysis of MetS-OA and nMetS-OA groups. (**A**) METS-IR comparison between MetS-OA and nMetS-OA groups without adjusting for BMI. (**B**) METS-IR comparison between MetS-OA and nMetS-OA groups with BMI \<25 kg/m^2^. (**C**) METS-IR comparison between MetS-OA and nMetS-OA groups with BMI 25--30 kg/m^2^. (**D**) METS-IR comparison between MetS-OA and nMetS-OA groups with BMI \> 30 kg/m^2^.

Logistic Regression Analysis of Adipokines and Inflammation Indicators with Confounders {#S0003-S2003}
---------------------------------------------------------------------------------------

We used the median values as the cut-off points to convert the data of CRP, ESR, and adipokines into binary variables, and then performed logistic regression analysis with METS-IR, BMI, and age. The results showed that CRP, ESR, leptin, resistin, and adiponectin levels in the plasma and leptin levels in the SF were significantly associated with METS-IR, but were not associated with BMI and age. Adiponectin and resistin levels in the SF were not associated with METS-IR, BMI, or age ([Table 5](#T0005){ref-type="table"}).Table 5Multiple Logistic Regression Analysis of CRP, ESR and AdipokinesVariablesFactorsβSEWald*P*OR95% CILowerUpperCRP (mg/mL)Age0.0240.0290.6660.4151.0240.9671.084BMI--0.2410.1373.0830.0790.7860.6001.028METS-IR0.2140.06610.5000.0011.2381.0881.409ESR (mm/h)Age0.0350.0251.8920.1691.0360.9851.088BMI--0.1400.1161.4370.2310.8700.6921.093METS-IR0.1170.0564.4190.0361.1241.0081.254Plasma leptin (ng/mL)Age0.0460.0272.9340.0871.0470.9931.103BMI0.0790.1170.4490.5031.0820.8601.361METS-IR0.1160.03312.1200.0001.1231.0521.199SF leptin (ng/mL)Age0.0370.0311.3950.2381.0380.9761.104BMI0.0080.1300.0030.9541.0080.7811.300METS-IR0.1650.0627.1360.0081.1791.0451.331Plasma adiponectin (ng/mL)Age0.0330.0261.6750.1961.0340.9831.088BMI0.1280.1211.1270.2891.1370.8971.441METS-IR--0.1450.0596.1010.0140.8650.7710.971SF adiponectin (ng/mL)Age--0.0170.0250.4490.5030.9830.9361.033BMI0.0980.1160.7200.3961.1030.8791.384METS-IR--0.1000.0563.1990.0740.9050.8111.010Plasma resistin (ng/mL)Age0.0270.0270.9900.3201.0270.9741.083BMI--1.1920.1262.3360.1260.8250.6451.056METS-IR0.1260.0584.6290.0311.1341.0111.271SF resistin (ng/mL)Age0.0470.0253.4330.0641.0480.9971.101BMI0.0430.1090.1570.6921.0440.8441.292METS-IR0.0130.0510.0690.7931.0130.9171.119[^9][^10]

Discussion {#S0004}
==========

OA is a common disabling disease, which is mainly concentrated in middle-aged and elderly patients, and has a higher incidence in women than in men.[@CIT0026] As a group of clinical manifestations characterized by metabolic abnormalities, MetS also has the highest incidence in middle-aged and elderly women.[@CIT0027] Recently, accumulating evidence has indicated that MetS-OA, as a new OA phenotype, plays an important role in the initiation and progression of OA.[@CIT0005],[@CIT0006] Previous studies suggested IR as the main pathological basis of MetS.[@CIT0028] However, the evaluation of IR in previous studies was mainly based on fasting insulin, which includes the homeostatic model assessment for IR (HOMA-IR) and the quantitative insulin sensitivity check index (QUICKI). In 2018, Bello-Chavolla et al[@CIT0022] generated a non-insulin-based fasting IR index (METS-IR), which showed higher accuracy compared to other insulin-based methods. Therefore, we used the METS-IR to evaluate the activity of MetS in the present study.

We analyzed data from 4686 Chinese women included in the CHARLS 2011 national survey as the baseline for the Chinese female population. Among Chinese women, METS-IR showed better diagnostic significance for MetS, demonstrating the validity of this index to quantify the activity of MetS for Chinese women with high accuracy. Previously used indicators to evaluate the activity of MetS were mostly based on the cumulative number of diagnostic criteria, which can divide patients into MetS or nMetS groups according to a small change in a single indicator,[@CIT0029] resulting in potentially inaccurate classification that may not reflect the true metabolic level of subjects. By contrast, METS-IR is a continuous scoring system that can accurately reflect the IR level of a patient and to some extent the activity of MetS.

In this study, all indicators in the MetS-OA group differed from those of the nMetS-OA except for age and height. In MetS-OA patients, METS-IR, leptin, and resistin were significantly higher than those of the nMetS-OA patients, and the adiponectin level was significantly lower than that of the nMetS-OA group. In addition, the METS-IR of the MetS-OA group was consistently higher than that of the nMetS-OA group within each BMI subgroup. These results proved that MetS-OA patients have higher MetS activity and an adipokine disorder. Moreover, the METS-IR was higher in KOA patients, regardless of MetS status, than that of the national baseline, and this difference persisted after adjusting the model for the influence of age. This finding indicated that the activity of metabolic disorders was higher in KOA patients. Previous studies have shown that a variety of adipokines play a role in promoting inflammation and cartilage degradation in the pathological process of KOA.[@CIT0030],[@CIT0031] IR was reported to directly participate in the pathological process of KOA by increasing the expression level of TNF-α in synovial cells, and the consequent synovitis can trigger or worsen KOA.[@CIT0032] In addition, IR can cause an imbalance in glucose metabolism, leading to chronic hyperglycemia, which in turn triggers oxidative stress, inflammatory reactions, and cell damage.[@CIT0033] We consider that the impact of MetS on KOA is not only based on a mechanical load but also related to changes in metabolism of the joint tissues through adipokines and IR to accelerate the process of KOA. In addition, pain and dysfunction of the knee joint will inevitably lead to reduction in an individual's physical activity, resulting in fat accumulation and aggravated energy metabolism disorders, which further exacerbate IR and MetS.[@CIT0034]

A significant finding of the current study was that the METS-IR was positively related to some adipokines and inflammatory markers. The expression levels of CRP, ESR, leptin, adiponectin, and resistin in the plasma and the leptin level in the SF were all significantly associated with METS-IR. MetS leads to a state of chronic low-grade systemic inflammation,[@CIT0005] and certain markers of inflammation are elevated in this condition. Previous studies have shown that MetS patients have higher CRP and ESR levels than nMetS patients,[@CIT0035],[@CIT0036] and MetS-OA patients have higher expression levels of CRP and ESR than nMetS-OA patients.[@CIT0021] These previous studies are in line with the present findings. Moreover, many studies have demonstrated that adipokines participate in the pathological process of KOA by regulating inflammation, cartilage metabolism, and chondrocyte death.[@CIT0037]--[@CIT0039]

Leptin and resistin can induce the expression of IL-1β in chondrocytes. IL-1β is a pro-inflammatory factor that can induce the expression of enzymes that degrade the extracellular matrix, thereby reducing the main components of cartilage synthesis (collagen type II alpha-1 and aggrecan), causing cartilage destruction.[@CIT0040],[@CIT0041] Leptin can also directly induce the production of cartilage metalloproteinase-9 and -13, thereby affecting cartilage metabolism.[@CIT0041] Previous studies have shown that the intra-articular fat is another important source of adipokines.[@CIT0005] The expression level of leptin is significantly increased in cartilage with advanced OA compared to that with minimal OA, and the expression of leptin inside the joint was closely related to the severity of OA.[@CIT0041] In addition, the concentration of plasma adiponectin in obese patients was reported to be generally low, which increased after exercise or weight loss.[@CIT0042] The concentration of adiponectin in plasma has also been negatively correlated with the severity of OA.[@CIT0043] However, the role of adiponectin in KOA has thus far been controversial.[@CIT0044]

Anyway, evaluating severity of adipokine disorder and inflammation in KOA patients needs many additional workups, a simple and reliable method should be developed. METS-IR is an index that can reflect the level of metabolic disorder of the body, which can quantify the activity of MetS, as confirmed in the CHARLS 2011 national survey. Since METS-IR can predict the levels of certain adipokines, ESR, and CRP in vivo, it can be a valuable tool for clinicians to conveniently evaluate the role of metabolic processes in KOA development, and can facilitate further research on metabolic-associated KOA.

However, there are still some shortcomings in this study. First, the relatively small size of the KOA group was a limitation. However, patients in both the KOA group and the cohort were selected from the northern region of China, suggesting that these findings could be applied to a certain Chinese population. Second, because the majority of the included KOA patients had severe and end-stage disease as they were undergoing joint replacement, the correlation analysis for the severity of KOA and metabolic indicators could not be performed; therefore, further research on these associations is needed including patients with early-stage OA. Third, this was a cross-sectional study, which can only reflect the metabolic state of the patients at a particular point in time, and cannot reflect the metabolic changes occurring over a longer period. Therefore, further longitudinal research is needed in the future to validate these results.

Conclusion {#S0005}
==========

In summary, we found that METS-IR has better diagnostic value on the activity of MetS in Chinese women than other conventional markers. The METS-IR of female KOA patients was higher than that based on national baseline data. We also demonstrated significant associations of METS-IR with adipokines and inflammatory indicators. These findings suggest that the activity of MetS and levels of adipokines may be non-invasively predicted using the METS-IR in Chinese women with KOA. This tool can further facilitate research in the field of metabolic-associated KOA.
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[^1]: **Note:** Data are mean ± SD unless otherwise indicated.

[^2]: **Abbreviations:** MetS, metabolic syndrome; nMetS, without metabolic syndrome; BMI, body mass index; WC, waist circumference; BP, blood pressure; SBP, systolic pressure; DP, diastolic pressure; FBG, fasting blood glucose; TG, triglycerides; HDL-C, high-density lipoprotein-cholesterol; METS-IR, metabolic score for insulin resistance.

[^3]: **Note:** Data are mean ± SD unless otherwise indicated.

[^4]: **Abbreviations:** KOA, knee osteoarthritis; MetS-OA, osteoarthritis patients with metabolic syndrome; nMetS-OA, osteoarthritis patients without metabolic syndrome; BMI, body mass index; WC, waist circumference; FBG, fasting blood glucose; TG, triglycerides; HDL-C, high-density lipoprotein-cholesterol; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; SF, synovial fluid; METS-IR, metabolic score for insulin resistance.

[^5]: **Note:** Data are mean ± SD unless otherwise indicated.

[^6]: **Abbreviations:** MetS, metabolic syndrome; nMetS, without metabolic syndrome; BMI, body mass index; METS-IR, metabolic score for insulin resistance.

[^7]: **Note:** One nMetS patient was less than 45 years old and was excluded from the calculations by age group.

[^8]: **Abbreviations:** KOA, knee osteoarthritis; METS-IR, metabolic score for insulin resistance.

[^9]: **Notes:** Using the median as the cut-off value, CRP, ESR, and adipokines were converted into binary variables for multiple logistic regression analysis. The median of each indicator is as follows: CRP: 3.40 mg/mL, ESR: 14.50 mm/h, plasma leptin: 15.57 ng/mL, SF leptin: 10.8 ng/mL, plasma adiponectin: 9.05 ng/mL, SF adiponectin: 1.34 ng/mL, plasma resistin: 6.03 ng/mL, SF resistin: 3.08 ng/mL.

[^10]: **Abbreviations:** BMI, body mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; SF, synovial fluid; METS-IR, metabolic score for insulin resistance.
